


SUMMARY 

Variaue mixture8 of viruses representing the three types of polto- 

virus, ECHO 7 and Coxsackie el, were ultracentrifuged in glycerol (or 

suer, ) density gradients and in CsCl density gradiento. V i s i b l e  bands 

from purified and concentrated viruse8 were fractianated and t i ters  

of each virus and ultravlolet sdsorption mssauramnts were determined. 

Appropriate antisera were employed to dietlnguleh the viruses in  the 

mixtures. Unconcentrated viruses d i d  not produce virible  bande, but 

distribution of viruses were determined after "blind sampling". In a l l  

cases t e s t e d  the viruees shawed very rfmllat but: not necesearlly ident ica l  

biophysical properties. i p r t f - Q R  



INTBOIIUCTION 
I 

Brakke (1960) and de Dwe e t  al. (1959) have reviewed the 

theory and techniques of denis ty  grad ien t  u l t racent r i fuga t ion .  

zocnl" u l t r acen t r i fuga t ion  depends upon particle sise and densi ty ,  while 

equilibrium o r  isodensity u l t r acen t r i fuga t ion  depends upon the buoyant 

density of the pa r t f c los ,  and the position of the band 18 independent of 

pzrticle size.  

cozponents (water o r  the  density enhancing component) of the  so lu t ion  

may e f f e c t  the r e s u l t s  of e i t h e r  technique. 

"Rate 

In t e rac t ion  of virus p a t t i c l e e  with each other  or the ~ t k f r  

The r e s u l t s  of numerous s tudies  of physical 80 w e l l  a8 bio logica l  

proper t ies  of  human entoroviruseo j u s t i f y  their  classification as a 

group. 

istics of these viruses previously reported may be due t o  diff-rences i n  

techniques or conditiona. 

direct c o q a r i s o n  of densi ty  and/or sedimentation welocity of 2 viruses 

without using ca re fu l ly  standardized caditiom. 

The small differences Sa p a r t i c l e  sizc or sedimentation character-  

The procedure t o  be described f a c i l i t a t e s  
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.--.".- Dcnsitv - rndien t  sedimentation, Virus eamples ware layered 

abovo previously prepared densi ty  gradients and centrifuged 2 t o  3 

hours i n  a Spinco SW-39 r o t o r  a t  30,000 tev/min t o  ob ta in  virus bands. 

Glyccrol as t m l l  @a 8ucrom, was employed a8 a danr i ty  enhancing mediwa. 

Corrccntrations of glycerol  of 81,66,51,37, and 218 by weight were used 

t o  form gradients  sixilar in density and v i scos i ty  with the previously 

described sucrose gradients  (Schwerdt and Schaffer, 1956). 

omitted, b u t  the sucrose o r  glycerol SOlUt i0118  were buffered w i t h  0.01- 

0.02 

NaCl wao 

phosphate, pyrophosphate, o r  trls, pEI 7.1-7.5. 

from density gradients.  A simple device, s h ~  in - - .  

Fig. 1, was c o n a t a c t e d  t o  f a c i l i t a t e  sampling of CsC1 and glycerol  

(or  sucrose) gradients  3 . Mineral o i l  was added t o  each densi ty  

grad ien t  tube (usual ly  p r i o r  t o  centr i fugatf  on) t o  m i n h i z e  entrapment 

of air. The tube was at tached t o  the  device while the  stopcock was 

open t o  the  resorvoir ,  forcing aut most of the remaining air, Rand8 of 

l i g h t  s ca t t e r ing  moterial were visual ieed with the  aid of e p o t l q  

i l l u n i m t i o n  from above. A hole  wa8 punctured in the bottom of the  

tube with a needle and the stopcock was turned to connect t h e  tube with 

the disp locemnt  syringe which previously had been f i l l e d  with o i l  from 

the resorvoir, Samples were col lected from the ho le  in the bottomr 

of the  tube as measured volunes of o i l  were introduced a t  the  top from 

the displaceuent syringe. 

This device f a c i l i t a t e d  the samplirqg of volumee ranging from less than 

o m  drop t o  greater than 1 ml .  

The viscocity of the oil prevented rap id  flow. 

Selection of sample slae was predicated 

upon appearance of bands and purpose of the  experiment, 

2o A r i n i l a r  Zevice m y  now be obtained fram Mcrochemical Spec ia l t i e s  
Company, Berkeley, California.  



~ l z r m i n l e t  absorption, Individual samplee from tha dens i ty  

grad ien ts  were measured sa appropriate btaaks at  260 

aad Schaffer,  1956) and the u l t r a v f o l e t  absorpt ion was expressed a8 

(Schwcrdt 

OD2Go. 

RESULTS 

Ul t raccn t r i fu ra t ion  of pixtures  of virum8 sucrose 

,v,:iymrcrl dcnsity p.radicnt8. Each mixture of two human enteroviruses  

t e s t e d  produced a s i n g l e  band when s e d h n t e d  i n t o  a glycerol  or 

Gucrow gradient.  

t ~ l l  with the  irput virus. 

recovered were outside the region of the  bands. 

or csmqlero) of v i ruses  would r e s u l t  in a change in r e l a t i v e  concentration 

of the virus at certain positions within the gradient .  When the r a t i o s  of 

i n f e c t i v i t i e s  of the  two viruses were compared for various regions,  i .e.$ 

outside the band, the  peak, and the ehouldero of the band, no s i g n i f i c a n t  

digferences wcre cbserved. 

l"no t o t a l  amount of recovered virus corresponded 

No more than a few per cent  of t he  v i ruses  

Separation ( e i t h e r  par t ia l  

Figure 2 r;liows the results of s edbntat ion  of a mixture of MEP1 

pol iovi rus  and IsCEO 7 virus, with t i t r a t i o n s  in the presenca of the 

appropriate  an t i s e ra .  

d s t u z c  of apprcximtccly equal quantities (based upon u l t r a v i o l e t  

absorption) of Mahonoy and Cocr viruses is shown in Fi&. 3. Althcugh 

c.; s i x l e  sharp band was observed v i sua l ly ,  the d i s t r i b u t i o n  of v i rus  

wdo= the  f r ac t ions  d i d  not show a ehaq pe&, fiidicttiri pccciBle 

ciisturbanco during sampling, 

The results obtained upon cantf i fugat ion of 8 

The h f e c t i d t y  results represent preliminary 
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plaque t i t r a t i o n s  performed without antiserum, Figure 4 shows only 

tSc u l t r a v i o l e t  absorption results corresponding t o  the  siwle 

bzzd of another mixture of Hahoney and Coe virusee. 

aaaaya w c m  not obtainad for: thaea ftactiane', but  tub0 titrationr 

Reliable  plaque 
.\. 

were made on se lec ted  f rac t ions .  Reaulte are s h a m  i n T a b l e  1, 

Although them assays are not as precise aa plaque 88saysp t he  resulta, 
M e  

indicate that i n f e c t i v i t i e s  of both viruses tmv assoc ia ted  with 

the  dmerqed band. 

Fig. 5 denonstrates the  i d e n t i t y  of sedimentation chnrac t e r i s t i c s  

of profiavine-containing and nom91 poliovirusea (Schaffer, 1962). 

A sc311 quant i ty  of n o m 1  virus was mixed with v i rus  propagated in the 

presence of proflavine w h i c h  had low res idua l  i h f e c t i v i t y  due t o  

exposure t o  l i g h t .  

i n  an Aninco-Botrmnn s p e c t r o p h o t o f l u o r o t e r  

p a r t i c l e s  and of f n f e c t i v i t y  due t o  dye-free p a r t i c l e s  corresponded with 

the d i s t r i b u t i o n  of u l t r a v i o l e t  absorption. 

The d i s t r ibu t ion ,  both of fluorescence ( as neaeured 

due t o  the dye-containing 

ILroZcnsity u l t r a c e n t r i f u m t i o n  of mixtures of viruses 

- @-C1 density gradicnts.  

found t o  be very similar. 

observed by v i sua l i za t ion  of l i g h t  o a t r e r i n g  and d i s t r i b u t i o n s  of 

Buoyant d e n s i t i e s  of the enteroviruses  were 

In P O S ~ ,  but  not a l l  cases, s i n g l e  bands were 

i r - fec t iv i ty  and u l t r a v i o l e t  absorption among f r ac t ions ,  Figure 6 shcrws 

che results of mcasurenents folluwing cent r i fuga t ion  of a mixture of 

of a mixture of COQ and Whonay viruses. Plaque assay r e s u l t s  were not 

ava i l ab le  for t h i s  experiment. 



A p a r t i a l  separat ion of REF1 and ECHO 7 viruses occurred when 

the nixturc was centrifuged i n  8 CsCl so lu t ion  (Fig. 8). Visually,  

the ban3 ap2carcd double i n  ccntrast to the single shatp bands in 

thc previous cxperhents .  Ul t rav io le t  absorption cor re la ted  with 

t o t a l  i n f e c t i v i t y ,  3 u t  neither Ehoncd a double peak. me l ack  of 

a dcuble pcdc was, no doubt, due t o  lack  of r e so lu t ion  in taking samples 

as lc?rgc a s  0.2 d. each, A core sensitive indication of the  presence of 

the dcuble peak is seen i n  the r a t i o  of ix i fec t iv i t ies  which showed over 

a h.mkedfold d i f fe rence  between fraction 1 and f r ac t ions  3 and 4. 

The intervening f r a c t i o n  2, as well as the mall amount of i n f e c t i v i t y  remaining 

i n  the upper and lover po r t ions  of the tube, showed no s i g n i f i c a n t  differancee 

i n  ratios f z a  the r a t i o  for tho original Ldxture, Had equilibrium been 

reached, the d i f fe rence  In dens i t ies ,  a , between two f r ac t ions  of 0.2 

d each could be calculated t o  be approximately 0.009 gm/cr? (Trautman, 1960; 

Ifft et  al. , 1961). 

vas allowed f o r  equilibrium t o  be reached. 

indcpcndcnt e x p e r h e n t  indicated the  actual value f o r  @ was 0.005 a t  

21 hrs. 

B 

Actually, i n su f f i c i en t  time (21 hrs in th is  experiment) 

Fycnometric measurements in an 

The possible signif icance of small di f fe rences  i n  buoyant densi ty  

w i l l  bc diecussed b e l a i .  

I n  addi t ion  to appl icat ion of CsC1 gradient cent r i fuga t ion  t o  

mixtures of p u r i f i e d  v i ruses ,  the technique "8s a p p l i e d  to  unccncentrated 

viruses i n  t i s sue  cu l ture  f lu ids .  These f l u i d s  were c l a r i f i ed  by low speed  

cent r i fuga t ion  t o  remove cell Cebzis p r i o r  t o  use. Figure 9 shows the 
f lh k 0 ney 

r e s u l t s  of such an experiment with mF1 Pnd,t,vlruree. 

a G i m i l a r  experlment with Saukett and the attenuated 

-_ r r y r e  10 snows 

P712 strain. 
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110 band tias v i s i b l e  i n  e i t h e r  experiment, but "blind sampling" from the  

center portion of each tube revealed that each p a i r  did indeed give 

4 
D single band . 

DISCUSSION 

Both the isodensi ty  and noving band densi ty  gradient u l t r acen t -  

r i fuga t ion  procedures have proven usefu l  ae preparat ive procedures 

f o r  v i ruses  i n  our l abora tor ies  as w e l l  as  those of others. These 

procedures physical ly  characterize the e n t i t y  responsible f o r  in- 

Sect ivi ty .  

06 a d i r e c t  method t o  demonstrate s i m i l a r i t i e s  of members of the humon 

enterovirus  group. 

e lec t ron  microscopy, sedimentation ve loc i ty  measurements and buoyancy 

in CsCl have, i n  general ,  indicated t h a t  the  members of t h i s  group are 

similar in size  and densi ty  and thue presumably i n  nucleic  ac id  content. 

Independent masurements depend upon s tandar iza t ion  of conditions. 

experiments provide a d i r e c t  conflrmatSon of the e f m i l a r i t i e s  of these 

proper t ies  for those viruses  tested. 

mean& for detect ing r e l a t i v e l y  small difference8 in physical p roper t ies  

betveen viruses . 

I n  the present study we have employed these techniques 

Results of independent invest igat ions employing 

Our 

The techniques a l a o  provide a 

A t  aily given ti-, the posi t ion of a band of virus moving dawn 

through a gradient  of densi ty  l e s s  than t h a t  of the virus  is  r e l a t ed  t o  

the c e d h e n t a t i o n  veloci ty  of t h e  v i rus  (Broklcp, 1960). 

Li.. - V i s f h F l i t y  of a band is n function of concentration of physical p a r t i c l e s ,  
The s p e c i f i c  i n f e c t i v i t i e s  (pfu/OD 
arations used in p r i o r  er.perinents*@re low, WhQrea8 scme of the  t i s sue  cu l tu re  
f l u i d s  c q l o y e d  here were of high t i t e r ,  accounting f o r  the d i f fe rence  in 
v i s i b i l i t y  desp i te  comparable i n f e c t i v i t y  titers. 

r a t i o s )  of m o s t  of the  p u r i f i e d  prep- 
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t:e cmclude that b o t h  Ccjc and ECHO 7 viruses have sedimentation v e l o c i t i e s  

cf about: 160 S, corresponding w i t h  the value obtained for poliovirus  

by analytical ul t racent r i fuga t ion  (Schaffer and Schwcrdt, 1959), since 

each of those virusee oodimanted along with poliovirue i q e u c r o e a  o r  

glycerol  gradient.  

& 

Hanzon and Philipson (1960) rzpcrted the diameter of ECHO 7 

vil-ils t o  be abcut 20 np based upon e lec t ron  microscopy of p a r t i a l l y  

p u r i f i e d  preparations. They also s t a t e d  t h a t  ECKO 7 had D sedimentation 

coczficicnt  04 40S, but the detai ls  of t h i s  work are a s  ye t  unpublished, 

In concrowt t o  such umsunlly mall values, our r e s u l t s  show t h i s  virus 

t o  have sedimintntion cha rac t a r i s t i c s  comparable t o  the other  cnteroviruoes. 

Prclirriinary e lec t ron  cicrographs of our preparations of ECHO 7 vi rus  showed a 

particle size similar t o  t h a t  of Coe vi rus  observed by P r d a g e n  and Hart ins  

(1961 ) . 
The pos i t ion  of a band of v i rus  i n  8 C s G l  gradient ,  a f t e r  prolonged 

centr i fugat ion,  corrcsponda t o  t h e  buoyant densi ty  of the  virus. 

dcpeiident not  only upon the  dry density,  which in turn is r e l a t ed  t o  

cmpos i t ion ,  but also upon hydratidm of t he  partfcfeo, interaction w i t h  

or p e r i a b i l i t y  t o  CsC1, an6 even f ac to r s  such as compressibi l i ty  of the 

so lvent  arid the p a r t i c l e s  (Hearst e t  al, 1961). 

honopcaecas c c q o m a t  within a band a t  equilibrium i e  dependent upon d i f -  

fusicn cocfgicient.  No conclusions m y  be drawn from v i rus  d i s t r ibu t ions  

This is 

The d i s t r i b u t i o n  of a 

in 6'3:: z q e r b i e n t s  bccausc the duration of cent r i fuga t ion  allowed for 

estzblishment of a graciicni; ea6 tandizg of tke *;=frt?, brt not for es t ab l i sh -  

nest of equilibrium, and also because of possible  minor disturbances &iring 

dcca l l e ra t ion  and 6aIp l iW.  

10. 



A smll d i f fe rence  in tho posi t ions of bands of two viruses, 

as Gcen i n  Pig,  8, is most l i k e l y  due t o  f ac to r s  such as hydration 

mat ioncd  above. Similarly,  small or p a r t i a l  separat ions have been 

observed with a few other preparations, including s ing le  batches of 

pur i f ied  E F 1  poliovirus.  

t h e  of plaque appearance was re la ted  t o  the physical dlfforenceh At t a rd i  

3nd Smith (1962) observed a partial  separat ion of poliovirus  i n f e c t i v i t y  

f r c m  u l t r a v i o l e t  absorption in RbCl density gradient  centr i fugat ion.  

I n  the la t ter  instance,  a bio logica l  difference,  
( S c L A f f C r ,  u y *  bI/sAtd), 

2 % ~  purpose of the present report  is t o  point  out similar i t ies  among the  

enteroviruses  rather than t o  e luc ida te  m-inor differences.  Further  work 

w i l l  be tlecessary t o  cs t eb l i sh  the s igc i f i cane  of such differences,  

Preliminary e i~c r f rnen t s  on CsCl gradient cen t r i fuga t ion  of another small 

Pa4 v i r a s ,  ves icu lar  exanthema of swine v i rus ,  showed a band a t  1.37 m/cm 3 . 
Scne experiments indicated IP p a r t i a l  separat ion of infect ivi ty  from the  

najority of the physical pa r t i c l e s  (F.L. Schqffet and M.E, PfcClaln, 

unpublished), v h i l e  other experiments showed two d i s t i n c t  bands of 

in fec t ious  v i rus  ( S h o w k e r  e t  ml, 1963, and unpublished r e s u l t s ) .  

Roizcian and Rwne (1961) observed a smll but  s ign i f i can t  d i f fe rence  i n  densi ty  

between 2 s t r a i n s  of herpes simplex, a DNA vi rus ,  upon cent r i fuga t ion  of 

nix tures  of strains in CcCl. 

p roper t ies  of these s t r a i n s  (Roizman and Roam, 1963). 

This difference may be due t o  tho sur face  

Ul t race i i t r i f igz t icn  of mixtures of viruses followed by f r ac t iona t ion  

and t i t r a t i o n r i x  the presence of a n t i s e r a  or i n  s e l ec t ive  hosts  appears t o  

be p i i r ? i ~ i i l ~ ~ l ~  t;szful i~ phyr-icnl charac te r iza t ion  of V i , r ~ 8 @ 8 .  

t o  the "blind sampling" experiments presented in Figs. 9 and 10, n pur i f ied  

In  addi t ion  
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TABU 1 
F ) W  

INFECTIVITY OF SELECTED FRACTIONS CW GLYCEROL GRADIENT 
CENTRIFUC-l\TIOX OF A I ~ X 3 U R E  OF COE AND NEF1 VIRUSES. 

TUBE TITRATION WITff HELA CELLS 

0 

Log 
Fraction Antiserum TCID,&ml * 

3 7.0 

Coe 6.5 

Pol io  7.0 

Coe + Polio ~ 6 . 0  

Coe 

Pol i o  

Coe + Polio 

6.8 

7.3 
c6.0 

a 
Coe 

Pol i o  

Coe + Polio 

7.2 

6.5 

6.0 

c6.0 



FIGURE 

Fig. 1. Device for rcmming samples from denoity gradient tuber. 

A. Density gradient tube. 

B. Transparent plast ic  block machined to f i t  density gradient 

tubes and stopcock. 

Pietal stopcock with Luer-Lok springe connecttons, C. 

D. Displacerriont syringe (1, 2, or 5 d). 

C. 

F. Light beam. 

Kinera1 o i l  resorvoir (Large syringe without plunger). 

Fig. 2. Glycerol density gradient sedimentation of a mixture of MEFl 
8 a acd ECflO 7 viruses. Mixture of 6.3 x 10 pfu of MEPL and 2;2 x 10 

pfu cf ECXO 7 in 0.57 m l  w i t h  OD2& I 0.412 layered over glycerol 

gradiert. Five fractions of 0.1 ml each were taken in the region 

cf the observed b8r.d. 

appropriate antisera. 

Plaque assapr were In the preeence of 

(In t h i s  and subsequent figures, numbering of frsctions was 

from the lmcr  toward the upper partfm of the tube, and percent 

total = azcunt in individual fraction x 100.) 
sum in a l l  fracticns 

Fig. 3. Sucrose density gradient sedimentation of a mixture of Mahoney 
9 and C O ~  viruses. Total infectivity of mixture approximately 10 

IUCPOSB gradient. Ten 

region of the observed 



Glycerol densi ty  gradient cen t r i fuga t ion  of mixture of 

Ziahoney and Coo viruses. Volume of mixture F0.43 m l  and 

CD260 approx, 2.0. Twelve f rac t ion8  of 0.04 nl each were 

taken from the region of the observed band and d i lu t ed  six-fold.  

Glycerol densi ty  gradient sedimentation of a mbcture of 

photoinactivated proflavine-containing MEFl and ordinary MEFl 

viruses .  

gradient  i n  a 2 ml centr i fuge tube. 

4 x 10 

virus. 

Two tenth8 m l  of mixture was layered Over a glycerol  

I n f e c t i v i t y  of mixtures 

p f u ,  OD26o m 1.9, of which 7@ was due t o  prof lavine 

Siwle drop fractions were col lec ted  by gravi ty  flaw 

8 

frcm the  region of the observed f luorescent  band; 

being d i lu ted  i n t o  0.2 m l  of buf fer  fo r  assay. 

each drop 

CsC1 isodensi ty  centr i fugat ion of a mixture of MEF1 and 

Snukert viruses. 

in n total of 1.6 m l  of CsCl so lu t ion ,  t h e  remainder of the 

tube being f i l l e d  with mineral o i l .  

Fourteen f rac t ions  of 0.04 ml each were colle c ted from the region of 

the  observed band and d i lu ted  s ix-fold for  assay, 

was assayed on f rac t ions  4 through 10 only employing apprcpr ia te  

an t i se ra .  

ab8 orp t ion.  

In fec t iv i ty  1p1 1.5 x lo1* pfu of each Vim18 

OD26o of mixture = 0.41. 

I n f e c t i v i t y  

Solid line o i n f e c t i v i t y ,  dashed line I u l t r a v i o l e t  

CsCl isodensi ty  cent r i fuga t ion  of r\ mixture o f  Cce and Mahoney 

viruses. 
wrc e6 described for Fig.  4. 

Mixture which was added t o  CsCl oolution, and sampling 

CsCl icodensfty centr i fugat ion of a mixture or' XGFi and ECiO 7 
viruses ,  showing a s l i g h t  separaticm of the two viruees. 
of nixture approximte ly  8 x 10 pfu of MeFl and 3 x 10 pfu of 

I n f e c t i v i t y  
8 a 



Ea40 '7, o?3*co = 0.110 of which approximately 654 was 

ccntrlbutcd by E F l .  Five fractions cf 0.2 nl each were 
taken from the region of ths band($). 
parfonncd in the paoance of appropriate antisara. 

Plaque assays were 

Fig. 9. C s C l  isodensity contrifugaticjn of a mixture of unpurified 

(tissue culture f l u i d )  E F l  and &honey viruses. 

infectivity approximately 4 x 10 pfu of IEFl  and 5 x 10 

pfu of Ikhcney. Sixteen fractions of 0.05 m l  each were 
collcceed frcm the center portion cf the tube. 
assays vcre In  the presence of appropriate antisera. 

Total 
7 0 

Plaque 

Fig. 10 C s C l  isodensity centrifugation of a mixture of unpurificd 
P7l2 and Saukett polioviruses. Total infectivity ap- 

proximately 9 x 10 pfu of  P712 (assayed on p r h r y  hunan 
8 amion cultures) and 3 x 10 pfu of Saukett. Fractions 

talcen as described for Fig.  9. 

G 



FIG. 1. Device for removing samples from density gradient tubes. 
A. Density gradient tube. 
B. Transparent plastic block machined to fit density gradi- 

ent tubes and stopcock 
C. Metal stopcock with Luer-Lok syringe connections. 
D. Displacement syringe (2  2, or 5 ml). 
E. Mineral oil reservoir (large syringe without plunger). 
f. Light beam. 
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FIG. 3. Sucrose density gradient sedimentation 
of a mix tu re  of Mahoney and Coe viruses. Total in- 
fectivity of m ix tu re  approximately IO9 p fu  in 0.6 m l  
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FIG. 2. Glycerol density gradient sedimentation 

of a mixtur of MEF 1 and ECHO 7 v i r u  es. Mixture 

in 0.57 ml w i th  0960 = 0.412 layered over glycerol 
gradient. Five fractions of 0.1 m l  each were taken in 
the region of the observed band. Plaque assays were 
in the presence of appropriate antisera. ( In  th i s  and 
subsequent figures, numbering of fractions was from 
the h e r  t w a r d  the  upper portion of the tube. ) 

of 6.3 x 1 $ pfu of MEF 1 and 2.2 x 1 & pfu of ECHO 7 

. .  
I I 

0 1 4 ! 
Fraction number 

and  U U 2 a  = i. iil iayered over j i i C T O j C  g;adient TL?E 
f ract ions of 0.04 m l  each were taken in the  region of 
the  observed band and diluted b fo ld .  

FIG. 4. Glycerol density gradient centrifugation 
of mixture of Mahoney and Coe viruses. Volume of 
mixture - Q 43 m l  and OD260 approx. 2.0. Twelve 
fractions of 0.04 ml each were taken from the region 
of the  observed band and diluted t f o l d  
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FIG. 5. Glycerol densi ty  g rad ien t  sedimen- 

tation of a mixture of photoinactivated proflavine- 
containing MEF 1 a n d  o r d i n a r y  MEF 1 viruses. 
Twetenths ml of  mixture was layered over a 
glycerol g rad ien t  in a 2 I centrifuge tube. In- 

which 70% was due to proflavine virus. Single 
drop f rac t i ons  were collected by gravity flw f rom 
the region of the observed fluorescent band, each 
drop being diluted into 0.2 ml of buffer for assay. 

fect iv i ty  of mixture 4 x I 8 pfu, 002, = 1.9, of 

FIG. 6. CsCl isodensity centrifugation o\d mixture of MEF 1 
and Saukettviruses. Infectivity * 1.5 x 10 pfu of each virus 
in a total of 1.6 ml of CsCl solution. the remainder of the tube 
being filled with mineral oil. OD 
fractions of 0.04 ml each were col?ected from the region of the 
observed tend and diluted &fold for assay. 
on fractions 4 through 10 only employing appropriate antisera. 
Solid line - infectivity, dashed line 

of mixture * 0.41. Fourteen 

Infectivity was assayed 

ultraviolet absorption. 
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FIG. 7. CsCl isodensity centrifugation of a mixture 
of Coe and Mahoney viruses. Mixture which was added 
to CsCl solution, and sampling were as described for 
Fig. 4. 

poliolEcho ratio 
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FIG. 8. CsCl isodensity centrifugation of 
F r a c t i o n  n u m b e r  

a mixture of MEF 1 and ECHO 7 viruses, shaving 
a slight separation of t e hvo viruses. Infectivity 

iir piu o i  iCiiB 7, OD260 = C!. !!8 z! :vhich ay 
proximately 65% was contributed by MEF 1. Five 
fractions of 0.2 ml each were taken from the r e  
gion of the bands). Plaque assays were performed 
in the presence of appropriate antisera. Ratios of 
infectivity of fractions are sham; not s h w n  are 
MEF UECHO 7 ratios of 3.3, 4.7, and 4.8 for original 
mixture, bottom, and top portions of tube respectnely. 

of p i x t u r e  was 1.6 x 10 t pfu of MEF 1 and 4: 8 x 

q 5  
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ugation of a mixture of unpurified 

(tissue culture 11 'dl MEF 1 and Mahoney iruses. Total infectivity a p  

was visible, but 16 fractions of 0.05 ml each were collected from the cen- 
ter portion of the tube. Plaque assays were in the presence of appropri- 
ate antisera. 

proximately 4 x 10 'y pfu of MEF 1 and 5 x I d  pfu of Mahoney. No band 
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FIG. 10. CsCl isodensity centrifugation of 

a mixture of unptirified P 712 and Saukett polio- 
viruses. T O ~ ~ I  infectivity approximately 9 x 106 
pfu of P 712 (assaye on primary human amnion 

*-I.-- L ~ K C I I  2s ucm.,l A l r c * i h n l (  1-u fnr # V I  . Ci" .,. 9. 
cultures) and 3 x 1 d pfu of Saukett Samples 


